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THE DESIGN AND CONSTRUCTION OF THE MANCHESTER ENGINE-HOUSE.
- PREFACE-
*
In the design and construction of engine-houses, to form what may be classed as a 
modern structure for the accommodation of locomotive engines, not a few fundamental errors are to 
be guarded against.
At the present time the construction of local railway buildings is regulated to a 
great extent by the locality in which the structure is built, and in the construction of build­
ings of this kind, the engineer is governed to some extent by these local conditions.
CLASSES OF ENGINE HOUSES.
Of the two classes of engine-houses in general use the rbund, or more properly speak­
ing, the polygonal form, has perhaps not a few advantages over the rectangular form in capacity 
and compactness of storage, and has become the standard form on all our larger railways; but 
while this is so, the rectangular house has some advantages over its rival worthy of notice, and 
it may, in some instances, prove the better form of construction. Great delay in case of fire, 
breakages^ and blockades about the entrance and upon the turn-table are avoided to a considerable 
extent in the rectangular engine-house. These advantages are more likely to insure rapid egress 
and ingress to the engine-house, thus avoiding any serious delay in traffic at a division terminal,
which is an item of no small moment in the successful operation of a railway.
The writer will state in this connection that while he strongly favors the rectangular 
form for the reasons stated above, he will not stop here- to consider the possible reasons why 
the polygonal form is the more common, but will proceed to enumerate some of the necessary ele­
ments in a modern engine-house which are common to both.
- REQUIREMENTS FOR AN ENGINE-HOUSE -
1. VENTILATION. The ventilation of engine-houses is .a necessary element in therr construc­
tion. Every second stall should have a roof ventilator to catch and carry off all dust, dirt 
and smoke. These roof ventilators should be constructed in such a way as also to help light 
the central part of the building. The regular smoke stack over each engine pit is of course 
indispensable, and should be built so that no gas or smoke escapes within the house itself.
2 . LIGHTING. The lighting of engine-houses is important. This is not an easy matter 
in a flat roofed building, but by building as many windows as possible in the end walls, and 
these, with the light given by the ventilators, should be about all that is ordinarily re­
quired. In his late work on “Buildings and Structures of American Railroads," Mr. Berg 
favors what he calls the “saw-toothed” roof as one peculiarly adapted for the transmission of 
good light.
5. DRAINAGE. In order that no waste water be allowed to remain about the engine-house,
a complete system of drainage is necessary.' The system may be arranged in several different 
ways. In the polygonal engine-house, if the natural surface of the ground will permit, the 
usual way is to have a main drain running around the inner circle of the building. Each engine 
pit may be drained into the main drain, and the entire be led away from the building by an out­
let to the main drain. 'Where the ground is low and difficult to drain, an additional drain a- 
round the outside of the outer circle is necessary.
4. HEAT. To avoid any contingency of fire, the old fashioned stove has been superseded
by steam for heating purposes. It is not only cleaner and less dangerous, but fully as economi­
cal. Where room is an object, steam heating is desirable and preferable to the stove in every 
respect.
- THE MANCHESTER ENQIN1-H0USE -
The Manchester Engine-house, with construction of which the writer has been connected, 
and which it is the purpose to discuss in the remainder of this paper, is situated (see figure 
twoy plate I) near the main lines of the Lehigh Valley Railway at Manchester, N. Y.
The ground in the immediate vicinity is comparatively flat and needed little or no 
grading to make the yard, although for the sake of good surface drainage, several thousand 
yards of coarse gravel were placed upon it. The gravel used was brought from a pit near by.
- GENERAL PLAN -
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The general plan and arrangement of the engine-house and turntable is shown in plate I. 
The outside walls of the house above the water-table, are built entirely of brick, except the 
window sills and lintels. Between the inner and outer circles of the house are three tiers of 
iron columns - the double row of intermediate columns supporting the roof directly, while those 
resting on the buttresses next the main drain form a part of the framework for the iron arches 
over the doorways.
- FIELD WORK.-
After laying out the yards, the transit point for the center of the turn-table was perma­
nently established-, from which point, as a center, the entire piece of work was staked out.
Great care was necessary in turning each angle upon the ground in the original field work, and 
during the progress of building and finally at the completion of the masonry. In this way no 
difficulty was experienced with the centers upon the masonry when the ironwork was put in place. 
To make the work as accurate as possible, each pier and pit angle was referenced before the 
foundation pits were excavated, so that when the masons were ready, the different points were 
easily established. As the outside walls were built, our foresights were transferred to points 
established upon finished masonry within the building.
5- SPECIFICATIONS FOR MASONRY.-
The contract for the building of the masonry was let to an individual contractor, under the 
following specifications:
GLASS OF WORK. All masonry in outside wall foundation to. be third class* masonry up to under­
side of water-table. All masonry in inside foundations and main drain, also piers up to under­
side of pier cap, to be of third class masonry.
PITS. All pits to be of best rubble masonry up to the bottom of the paving; from there to 
underside of coping, the walls to be third class masonry.
COPING. The coping of the pit walls to be of similar grade and finish as in the house now 
standing at the Lehigh Valley William St. yards in Buffalo. Top of masonry from the door en­
trances to pit, coping to be dressed down to an even bearing for the rails, to be made from
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large close pointed stones at least ten inches thick, and to be classified as third class 
masonry.
PIER CAP. All pier caps to be dressed smoothly and to an exact height and to fit castings 
for foot of columns.
PAVING. The paving to include the paving of all pits with hard burned brick placed edge­
wise, bedded in sand and grouted with cement and sand, all to the entire satisfaction of the
*Note. The specifications for first, second and third class masonry were similar to those re­
quired in railroad bridge masonry of this grade.
chief enginner or his assistants in charge.
BRICK WALLS. The brick walls to be laid in good lime mortar composed of good quality of lime., 
thoroughly slacked, and sharp sand, well mixed together in the proportion of one part of lime to 
three parts sand. The brick used, to be sound and hard burnt whole brick, with no cracks. Crook­
ed or swelled brick will not be allowed. Every seventh course of brick to be laid as headers. No 
brick shall be ordered until sample brick furnished by the contractor are approved by the chief 
engineer of the Lehigh Valley Railway Company.
WINDOWS. All window frames and sashes and all wall-plates and bed-plates to be fitted in their 
right and true positions by the contractor without extra charge. The material for these to be 
furnished by the Railway Company. The window sills to be of stone six inches by twelve inches 
by five feet eight inches long, neatly dressed, the top to be cut slanting one inch in twelve 
inches toward outside, so as to drain from woodwork of windows. The aprons to be of cast iron 
about one half inch thick and five feet long, shaped and placed as shown in plan, and as direct­
ed by the engineer of the Railway Company. The window lintels on outside of face of walls to 
be of the same kind and quality of material as the window sills, and to be eight inches by six 
inches by five feet eight inches long, and the lintels on the inside face of wall to be six 
inches by eight inches by five feet eight inches long, and may be of stone, cast iron, or oak.
GENERAL. The Railway Company reserves the right to change the plans, if deemed expedient, 
and any additions or changes in the plans of this contract shall be allowed or deducted at the
7usual rates for similar work of the kind required. The Company also reserves the right to stop 
operations at any time, or particular point, and in the event of such right being exercised, the 
contractor to be given a final estimate for all the work done and material delivered for this 
work up to such date.
- MASONRY IN ENGINE-HOUSE.-
ENGINE-PITS. The masonry in the engine-pits was placed upon a good bed of concrete as a 
foundation, and built up with a good bond to bottom of coping. The coping stones were well 
dressed and placed upon their natural beds with an even surface, and gave the rail base a level 
bearing. Each engine-pit, as will be seen from the longitudinal and cross sections, (figure 
four plate II), is paved with^hard brick laid edgewise, bedded in sand and thoroughly grouted 
upon the surface.
The engine-pits are drained -by six inch vitrified pipe leading into the main drain. The in­
clined surface of the pits makes it a comparatively easy matter to keep them clean and dry.
MAIN DRAIN. The main drain (see figure one, plate I and figure four plate II), which is 
within the inner circle of the house, and at the end of each pit, is practically a box culvert 
two feet by two feet three inches with a fall of four tenths per cent, towards the outlet pipe. 
The bottom of this drain is paved with stone and concreted. In connection with the inner wall 
of this drain is built the buttresses which support the first tier of columns. These buttresses
8are on line with the individual piers and were centered with them.
COLUMN PIERS. In figure eight plate II is shown a section of a column pier and pier-cap which 
supports the circular iron roof columns. They were well bedded on two feet of concrete,brought 
up on a batter of two inches to one foot, with pier-caps smoothly dressed so as to receive the 
foot-plates of the roof columns. The design shown on the plan for the pier and pier-cap shows 
the pier and pier-cap as if they were constructed separately, while in fact, a more sensible 
method was adopted,- that of building the pier and pier-cap as one. The batter of the pier was 
continued up to within four inches of the elevation of floor. At this point, the batter was in­
creased, leaving a margin on surface of pier-cap of six inches outside of the foot plate. A 
classification of masonry was of course given at the point on pier where a finish was put upon 
the work,3 s called for in the specifications for pier-caps.
OUTSIDE WALLS. The masonry in the outside walls is bedded like the other foundations, with 
two feet of concrete, and built of third class masonry up to bottom of water-table. The water- 
table has a bush hammered surface to receive the brick work. Each panel of. the outside wall 
(see figures five and seven, plate II), is made up of well bonded brick, every seventh course
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being headers, as per specifications. The walls are built entirely of brick with the single 
exceptions of the stone window sills and lintels. The thickness of the brick walls throughout 
is seventeen inches - four courses. Upon the inside of the brick wall next to the window sills 
are placed iron aprons, which serve as a protection to the masonry. It will be seen that in
9the foundations throughout the engine-house four classes of masonry were used, viz., rubble, 
third class, coping, and pier-cap . The first two grades were used where masonry came below the 
surface ol the ground, and the latter two where neat work was required and where masonry was in 
sight after the completion of the work. The three foot surface drain (see figure four, plate II) 
was omitted, the ground having sufficient fall to be drained without it.
- MASONRY IN TURNTABLE.-
In the turntable (see figure three, plate II), particular attention was given to secure a 
solid foundation for the center pier. Two feet of concrete, well rammed, was placed in the 
bottom of the pit, and upon this, heavy coursed ashler, with a layer of concrete covering all but 
the surface stones. This layer of concrete was placed upon the pier to protect all moisture from 
entering the masonry. The center of the mass of concrete and masonry was retained in its con­
struction by boring a hole in a short piece of board, and securing it above the masonry, with the 
center oi the hole coinciding with the center of the pier, then passing a circular bar of iron 
irom the point established on the concrete through the hole in the board. By this method, the 
masons were enabled to finish the masonry with the centers ready for the iron work.
The outside circular wall has a concrete foundation of two feet, with heavy coursed and 
well bonded second class ashler upon the concrete. The second class masonry was built up to the 
surface oi tne interior of the pit, and from this point up first class ashler was used with a
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frost batter upon the outside.of two inches to one foot. The surface of the pit is lightly con­
creted inelih ing towards the. center for drainage. As will be seen from the section of the turn­
table pit, an unusually large turntable was required. This was necessary in order to accommo­
date the heavy freight engines now used by the Lehigh Valley Company. The wooden box drain shown 
in the turn-table section forms a reservoir for all the water as it comes into the pit. Prom 
this reservoir, the water is led away through an eight inch pipe opening.
- R00P OF ENGINE-HOUSE.-
The roof of the engine-house (see figure eleven, plate III), is built of wood, supported 
upon iron trusses, and pitched from the entrance doors towards the outside walls. Metallic roofs 
are, in many instances, used in engine-houses, but it is found that the escaping gases from the 
locomotives have a detrimental effect upon this kind of roof. Present practice is equally in 
favor of wooden roofs, provided they are thoroughly protected against fire, and it is usual as 
was done here, to spread a layer of roof gravel over the entire roof. The triangular supporting 
trusses are made up of circular rods for the tension members and angle iron for the compression 
members. Lateral braces of angle iron are placed between the trusses as shown in the section, 
but the principal stiff tiers in the roof are the heavy purlins. In every third panel is a venti­
lator with its windows so arranged that they may be easily swung open when required.
FRONT ELEVATION OF HOUSE. In figure tep, plate III is shown a partial elevation of the front
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of the house. The doors rest on hinges, and swing towards the inside. The doors are built of 
pine three inches in thickness. Wicket doors are built in eight of the large ones for easy ac­
cess. The construction of the building above the doors is of cast iron, put together in sec­
tions and supported by the upright columns on either side. These cast iron plates are one inch 
in thickness. There are two plates over each doorway, - one forming the arch, the other fill­
ing the rectangular space between the arch and the roof. The plates are held in place by being 
securely bolted to the cast iron columns adjoining them.
- ARRANGEMENT OF INCLINE-HOUSE TRACKS.-
The way in which the tracks leading from the turn-table to the engine-house are laid, is 
shown in figure nine plate II. As the angle between tracks is not great enough to admit of the 
tracks being independent of each other, frogs were placed at the points of intersection - forty 
and forty-two hundredths feet from the center of the turn-table. For the same relative position 
of the table and house, this allows of a greater number of tracks to pass between the turn-table 
and engine-house, and therefore increases the capacity of the building. The same thing might be 
accomplished by making the turn-table excessively large, so that the point of frog would be at 
the edge of the table, but of course, such a diameter of table would be entirely too great for 
even the largest engines to come upon it. As will be seen in the diagram, the angle between 
tracks is six degrees and forty minutes. This angle calls for a number eight and six tenths
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frog. Number eight frog being the standard frog used by the Company, it was necessary to have a 
special set made.
HEAT. The engine-house is to be heated by a system of steam pipes and radiators, as is the 
usual practice in all large buildings.
COST. The following tables show the exact cost of the entire building and turn-table as com­
piled from the final estimates allowed contractors for work done, and include extra for items 
which were not covered by the contract.
TABLE I .
Cost of Masonry and Excavation in Engine-House.
1323 eu. yds. Hardpan, e $ .75 $992.25
753.2 cu. yds. Briek Masonry, & 7.50 5349.00
1194.1 " “ 3rd Class Masonry, § ' 7.00 8358.70
715.4 “ " Rubble Masonry, § 6 .0 0 4292.40
7.7 “ “ Pier Cap Masonry, & 15.00 115.50
2985.4 Lin. Ft. Coping, § 1.25 3731.75
311.3 “ “ Window Sills and Lintels, § .90
Total
Table II.
Cost of Woodwork in Engine-House.
550.17
$23,389.77
125000 ft. B. M. Pine, @$53.20 per 1000 ft. $4150.00
8 Ventilators, § 109.00 872.00
27 Double Doors, § 55.00 1485.00
54 Windows, # 1 0 .0 0 540.00
8 Wicket Doors,
Table III. 
Cost of Iron Work
Total Lump Sum bid as per Contract,
§ 8.00 34.00 
Total = $7111.00
in Engine-House.
$13,125.00
Extra bills for iron furnished and work: done, 1,254.04
54 Window Aprons, § $4.00 
Total,
213.00
$14,595.04
oTABLE .IV.
Cost of Masonry and Excavation in Turn-table.
75 cu yds. Earth,
225 ct a Hardpan,
38 u it in water
45.6 U it 1st class Masonry
93.4 it it 2nd
2 1 2 . 8 it a 3rd
40.0 tt u Concrete,
Extra bill for■ sand and filling
S $ .25 $ 18.75
§ .45 101.25
§ .75 28.50
§ 1 2 .0 0 547.20
§ 9.00 840.60
S 8 .0 0 1273.80
§ 6 .0 0 240.00
es,
Total
____282.55
=$3,335.63
Table V.
Cost of Iron 'Work in Turn-table.
Total cost of plate girder turn-table and connecting parts, $1,050.00
Table VI.
Summary of cost of Engine House and Turn-table.
Engine House
Total Cost of Masonry and Excavation, $25,839.77
“ “ “ Woodwork, 7,111.00
“ " " Iron work, _____ 14.595.04
Total cost of all work done,=---------------------  $45,395.81
rand Total Cost of Engine House and Turn Table complete, =
Turn Tabl 
$5,335.63
1.050.00
$4,385.83
45.395.31
$49,781.44
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The contractors for the masonry and excavation were Me Cormiek and Mon.ahan of Geneva, N. Y 
For the iron work in the engine-house, the contractors were the Rochester Bridge and Iron Works 
of Rochester, N. Y. The iron work in the turn-table was built and put in place by the Union 
Bridge Go. of Athens, Pa. The contractors for the woodwork were Hayes and Garden of Buffalo, N. 
Y. The engine-house and turn-table were completed and ready for use February first, 1895.
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CONCLUSION.
In the general design of the house, there are a few places in the plans where the writer 
suggests that an improvement might have been made. The vertical columns throughout the building 
instead of being cast iron, and being bent by casting, as some of them were, could have been 
built of wrought iron with a little additional expenditure. A post built of two channel bars and 
Laced as an iron bridge post, would have been stronger and better.
The ventilation of the house might have been improved, at an additional expense, by plac­
ing a ventilator over every second stall instead of every third. This would have also increased 
the light in the interior of the building.
An important advantage to the house would be to have all tracks continue on through the 
rear of the house so that locomotives would not return over the turn-table, and perhaps delay 
incoming trains. However, 'this could not be done at the Manchester House, on account of in­
sufficient yard room.
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